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(57) Abstract 



The present invention is directed to a method and apparatus for interfacing asynchronous communications wherein an on-board 
controller can further monitor and/or process data being transferred without degrading overall system throughput. In accordance with 
exemplary embodiments, such a feature is achieved by providing means (126, 128) for buffering data on both a receive and send side 
of an on-board controller (116) included within an asynchronous communications device (105). Exemplary embodiments of the present 
invention provide this capacity without affecting universal applicability of the asynchronous communications device (105) as either a serial- 
to-serial interface, a parallel -to-parallel interface or as a serial-to-parallel interface (or vice versa). For example, regardless of whether the 
asynchronous communications device serves as an interface to a first device operating in a serial mode or in a parallel mode, an on-board 
controller (116) is provided which can monitor and/or process the data being transferred from or received by the first device. 
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METHOD AND APPARATUS FOR INTERFACING DEVICES 
USED IN ASYNCHRONOUS COMMUNICATIONS 

BACKGRQVNP QF THE INVENTION 

5 

Field of the Invention; 

The present invention relates generally to data communications methods and 
systems, and more particularly, to a method and apparatus for interfacing devices 
used in connection with asynchronous communications. 

10 

State of the Art; 

The use of interface elements for accommodating asynchronous 
communications between devices is well known. For example, U.S. Patent No. 
4,823,312 (Michael et al) describes an asynchronous communications element. 

IS More particularly, the Michael patent discloses an asynchronous 

communications element which is located between a central processing unit (CPU) 
configured for parallel transmission and receipt of data and a communications 
station configured for serial transmission and receipt of data. The asynchronous 
communications device therefore serves to interface bidirectional communications 

20 between the CPU and the communications station. To reduce CPU interrupt 
overhead, the asynchronous communications element includes a transmitter first-in 
first-out (FIFO) memory as a buffer for data which is to be transmitted from the 
CPU to the communications station. A receiver FIFO is used as a receive buffer 
for data transfers from the communications station to the CPU. 

25 The receiver FIFO receives data of a data transfer from the communications 

station to the CPU via a receiver shift register. Data which is received by the 
receiver shift register is transferred in parallel to the receiver FIFO which, after 
buffering one or more such data transfers, supplies the data to the CPU. Because 
a plurality of data transfers can be buffered in the receiver FIFO before being 

30 transferred to the CPU, the CPU interrupt overhead can be reduced. 

Similarly, one or more data transfers from the CPU to the communications 
station can be buffered in the transmitter FIFO. The transmitter FIFO can then 
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sequentially transfer the data to a transmitter shift register, which transfers the data 
in series to the communications station. 

Despite the known use of FIFOs to buffer data in conventional 
asynchronous communications elements, these FIFOs can limit functionality of the 

5 communications element. For example, the FIFOs of conventional asynchronous 
communications elements, such as that described in the Michael patent, are 
provided only for the benefit of the CPU. That is, these FIFOs merely buffer 
bidirectional data transfers to and from the CPU and therefore only reduce 
interrupt overhead of the CPU. Consequently, conventional asynchronous 

10 communications elements cannot exploit the processing power of any con-troller 
included in the asynchronous communications element as a supplement to 
processing power of the CPU or the communications station without seriously 
degrading overall data throughput. 

Therefore, any controller included within the asynchronous communications 

15 element, for all practical purposes, is prohibited from monitoring and/or further 
processing the data which is transferred between the CPU and the communications 
station. If a controller within the asynchronous communications clement were 
provided the capability to process data transferred between the CPU and the 
communications station, interrupt overhead of the controller in the asynchronous 

20 communications element would increase and thereby significantly degrade overall 
data throughput. 

A further drawback of conventional asynchronous communications elements 
it that they must be configured in advance as either a serial interface or a parallel 
interface for the CPU, and any software implemented by the communications 

25 element must be adapted to that configuration. For example, in the embodiment 
described in the Michael patent, the asynchronous communications element is 
configured to transfer serial data from the communications station to the CPU in 
parallel and to transfer parallel data from the CPU to the communications station 
in series. An on -board controller of the asynchronous communications element is 

30 programmed accordingly. Thus, if the CPU is later configured with a built-in 
serial input/output communications port, the asynchronous communications element 
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along with any control software must be reconfigured to properly function as a 
serial-to- serial interface for asynchronous data. 

Accordingly, it would be desirable to overcome drawbacks of conventional 
asynchronous communications elements such as that described in the Michael 

5 patent. More particularly, it would be desirable to provide an asynchronous 
communications element which can exploit the capabilities of an on-board 
controller included within the asynchronous communications element to provide 
further monitoring and/or processing of data being transferred without degrading 
overall system throughput. In addition, it would be desirable to provide an 

0 asynchronous communications element which, in addition to being universally 
adaptable to different data rates, is also adaptable to either function as a parallel- 
to-serial interface or as a serial-to- serial interface without requiring any system 
reconfiguration or redesign of control software for the on-board controller. 

5 SUMMARY OF THE INVENTION 

The present invention is generally directed to a method and apparatus for 
interfacing asynchronous communications wherein an on-board controller can 
further monitor and/or process data being transferred without degrading overall 
system throughput. In accordance with exemplary embodiments, such a feature 

0 is achieved by providing means for buffering data on both a receive and send side 
of an on-board controller included within an asynchronous communications device. 
Exemplary embodiments of the present invention provide this capability without 
affecting universal applicability of the asynchronous communications device as 
either a serial-to-serial interface, a parallel-to-parallel interface or as a serial-to- 

5 parallel interface (or vice versa). For example, regardless of whether the 
asynchronous communications device serves as an interface to a first device 
operating in a serial mode or in a parallel mode, an on-board controller is provided 
which can monitor and/or process the data being transferred from or received by 
the first device. 

9 Generally speaking, exemplary embodiments of the present invention relate 

to a method and apparatus, such as an asynchronous communications device, for 
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transferring data between a first device and a second device. Exemplary 
embodiments of such an apparatus include a first input for receiving data from at 
least one of the first device and the second device; a first output for transferring 
data received via the first input to the other of said first device and said second 

5 device; and means for controlling, such as an on-board controller, transfer of data 
between said first device and said second device. The means for controlling, in 
accordance with exemplary embodiments, includes a controller input for receiving 
data from one of said first device and said second device; a controller output for 
transferring the data to the other of said first device and said second device; and 

10 means for buffering data, such as a FIFO, for at least one of receipt by said 
controller input and transfer from said controller output. By supplying a data 
buffering means for the on-board controller, the on-board controller can monitor 
and/or process data transferred between the first and second devices without 
requiring a large number of interrupts to the on-board controller which could 

15 degrade overall throughput. 

Further, exemplary embodiments of the present invention relate to a method 
and apparatus for transferring data between a first device and a second device, the 
first device being operable in both a serial mode and a parallel mode, said 
apparatus comprising: a first input for selectively receiving data in at least one of 

20 a serial format and a parallel format from at least one of said first device and said 
second device; a first output for transferring data received via said first input to 
the other of said first device and said second device, said data being transferred 
in at least one of said serial format and said parallel format; and means for 
controlling a transfer of said data between said first device and said second device 

25 by selectively converting data of said parallel format into data of said serial format 
(e.g., for selective input to or output from an on-board controller) when the first 
device is in either a serial mode or a parallel mode of operation. Further, the 
means for controlling selectively converts data of said serial format into data of 
said parallel format (e.g., for selective input to or output from the on-board 

30 controller). Thus, to provide an ability of the on-board controller to monitor 
and/or process data in both serial and parallel modes of operation of the first 
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and/or second device, exemplary embodiments of a controlling means include a 
controller input for receiving data from said first device during a serial mode of 
operation and during a parallel mode of operation; and a controller output for 
transferring data to said first device during said serial mode of operation and 
5 during said parallel mode of operation. 

BRIEF DESCRIPTION OF THE DRAWING 
The present invention can be further understood with reference to the 
following description and the appended drawing, wherein: 
10 Figure 1 is an exemplary block diagram of an asynchronous 

communications device in accordance with an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Figure 1 illustrates an exemplary embodiment of an apparatus, such as an 

asynchronous communications device, for transferring data between a first device 
and a second device in accordance with the present invention. Each of the first 
and second devices can, for example, be a computer, such as any personal 
computer, or other device which is capable of sending and receiving data. Both 

20 the first and second devices are connected to the data transfer apparatus via any 
communication path, such as any wired communication path (e.g., telephone line), 
or wireless communication path. For purposes of the following discussion, the 
data transfer apparatus will be described in the context of an asynchronous 
communications device which is capable of interfacing a first device to one or 

25 more second devices for both synchronous and asynchronous data transfer. 
Further, the communication path will be described in the context of a serial path. 
However, a parallel path can also be used if desired. 

The Figure 1 apparatus can be considered to provide functions typically 
associated with an asynchronous communications device, such as that described in 

30 the Michael patent, the disclosure of which is hereby incorporated by reference in 
its entirety. However, exemplary embodiments of the present invention further 
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provide an ability to use an on-board controller of the asynchronous 
communications device to provide additional functionality without significantly 
increasing the number of interrupts to the on-board controller and without 
significantly degrading throughput of data transfers between devices connected to 

5 one another via the asynchronous communications device. Further, exemplary 
embodiments of an asynchronous communications device can provide a common 
architecture and mode of operation for interfacing the first device to one or more 
second devices, regardless of whether the first device is configured for a serial 
mode of data transfer or a parallel mode of data transfer. 

10 In accordance with exemplary embodiments, the term "data" constitutes 

information of any sort which is transferred from one device to another. Thus, 
data can include information representing numerical values, text, commands, status 
information or any other information that can be transmitted in any form between 
two devices. 

15 Referring to the exemplary Figure 1 embodiment, the asynchronous 

communications device is labeled 100, and includes a first input 102 for receiving 

J r £ 1 * A r *1 CL * J^. .I ~_ J *W« ****** A *4**« r ;*<» A TKa fi-rof inntit 

QtLUk 11 Oil 1 <1L 1 T-irt ■> 1 UI1C Ul U1C ill A I UCV1WC OlIU UIW **wv*ww. * **w lll^v 

in accordance with exemplary embodiments, can selectively receive data in at least 
one of a serial format and a parallel format from at least one of the first device 

20 and the second device. 

For purposes of the following discussion, the exemplary Figure 1 
embodiment will be described in the context of providing full duplex 
communications between a computer 104 and a communications device 105 (such 
as a data pump). Further, to simplify the following discussion, the exemplary 

25 Figure 1 embodiment will be described in the context of an asynchronous 
communications device 100 which monitors data transfers sent from or received 
by the computer 104 when computer 104 operates in either a parallel mode or a 
serial mode. 

Data transfers sent from the computer 104 which have been processed by 
30 an on-board controller 1 16 of the asynchronous communications element 100 can 
then be transferred from the on-board controller directly to the communications 
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device 105 via parallel signal lines 117 which interconnect the on-board controller 
116 and the communications device 105. Similarly, data transfers from the 
communications device 105 can be received by the on-board controller 116 via 
parallel signal lines 117; the data can then be processed by the on-board controller 
5 116 and forwarded to the computer 104. Although these data transfers will be 
described to illustrate features of the present invention, those skilled in the art will 
appreciate that the invention is not so limited. For example, those skilled in the 
art will appreciate that rather than directly coupling the on-board controller 1 16 
and the communications device 105 via parallel signal lines 117, all 
10 communications between these devices can be performed via buffered paths of the 
asynchronous communications element to be described herein, with each of the 
computer 104 and the communications device 105 communicating either serial data 
or parallel data. 

As mentioned above, the first device is a communications device 

IS represented as computer 104 of Figure 1 which can be configured in either a 
parallel mode of operation or in a serial mode of operation. In either case, the 
input/output of the computer 104 is connected to a second device, represented in 
Figure 1 as communications device 105, via the asynchronous communications 
device 100. For purposes of simplifying the following discussion, the "first 

20 device" will be used to reference computer 104, while the "second device" will be 
used to reference communications device 105. Of course, those skilled in the art 
will appreciate that the communications device 105 can be considered the first 
device and the computer 104 can be considered the second device. To illustrate 
features of the invention, both a parallel mode of operation and a serial mode of 

25 operation for the computer 104 will be described. 

In a parallel mode of operation, an internal databus of the computer 104 is 
directly connected to a databus of the asynchronous communications device 100. 
In the exemplary Figure 1 embodiment, the databus 106 is illustrated as an 8-bit 
bus. However, those skilled in the art will appreciate that a databus of any size 

30 can be used in accordance with exemplary embodiments of the present invention. 
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To illustrate the computer 104 being configured for a serial mode of 
operation, a communications port, such as communications port 107, is provided. 
In this case, the asynchronous communications device 100 interfaces with the serial 
input/output of the communications port. 

5 Where the asynchronous communications device 100 monitors and/or 

further processes data transferred from the computer 104 to communications device 
105, as well as data received from communications device 105, the computer 104 
transmits data to and receives data from the second device via the asynchronous 
communications device 100 in both a parallel mode of operation and in a serial 

10 mode of operation. To accommodate both modes of operation, the first input 102 
of the asynchronous communications device includes both a parallel input/output 
108 and a serial input 1 10 for interfacing the computer 104 with the asynchronous 
communications device. Data from computer 104 can be monitored and/or 
processed by the asynchronous communications device and then sent to the 

15 communications device 105 from the on-board controller 116 via parallel signal 
lines 117. Data received from the communications device 105 via parallel signal 
lines 1 17 can be monitored and/or processed by the on-board controller 1 16 and 
then sent to the computer 104 via a first output of the asynchronous 
communications device which includes the parallel input/output 108 and a serial 

20 output 112. The serial output 112 supplies serial data to computer 104 via the 
serial input of the communication port 107. 

An overview of the input of data to computer 104 from communications 
device 105 in both a parallel mode and a serial mode will now be provided. To 
input data to computer 104 in a parallel mode of operation, the input/output 108 

25 is interfaced to databus 106 for parallel connection directly to the internal databus 
of the computer 104. Thus, data received from the second device can be 
processed in the asynchronous communications element 100 and then forwarded 
directly to the internal bus of computer 104. 

In a serial mode of operation, data can be transferred from the 

30 communications device 105 to the serial input 102 of the communications port 107, 
and serial-to-parallel conversion is unnecessary. However, in accordance with 
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exemplary embodiments, parallel data is supplied from communications device 105 
to the asynchronous communications device 100, wherein the data is monitored by 
the on-board controller and then sent to the serial input of the serial interface 107. 
Data can also be transmitted from computer 104 to the communications 
5 device 10S in either a serial mode of operation or a parallel mode of operation. 
In both modes, the data can be monitored and/or processed by the on-board 
controller. More particularly, although serial data output from the communications 
port can be directly supplied to the serial communications path which interconnects 
computer 104 and communications device 105, exemplary embodiments provide 

10 a path for this data through the asynchronous communications device 100 such that 
the data can be monitored and/or further processed. 

To permit on-board monitoring of the data by the asynchronous 
communications device when computer 104 operates in a serial mode, it can be 
supplied from computer 104 to the serial input 110. In accordance with exemplary 

15 embodiments, serial data which is supplied from the communications port 107 of 
computer 104 to the serial input 1 10 is parallelized within an internal data path of 
the asynchronous communications device so that it can be monitored by the on- 
board controller 116. After being monitored and/or further processed by the on- 
board controller, the data can sent in a parallel format to the communications 

20 device 105 via parallel signal lines 117. Of course, in alternate embodiments, the 
data monitored and/or processed by the on-board controller 116 can again be 
serialized and then forwarded via the serial output 112 to the communications 
device 105. 

Where the computer 104 sends data in a parallel mode, data is supplied to 
25 the asynchronous communications device via its parallel input/output 108. The 
data can then be processed within the asynchronous communications element and 
forwarded to the communications element 105 via the parallel signal lines 117. 
Again, as with the serial mode, data monitored and/or processed by the on-board 
controller in the parallel mode can, in an alternate embodiment, be serialized for 
30 transmission to the communications device 105. Thus, data can be transferred to 
the communications device 105 in either a serial format or a parallel format. 
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To accommodate the foregoing operation, the asynchronous 
communications device 100 includes a first output for transferring data received 
via the first input to the other of the first device and the second device. Where the 
first device is the computer 104 described previously, the output can be a 
5 connection to a communication path (e.g. , telephone line) that is in turn connected 
to the second device. 

Those skilled in the art will, of course, appreciate that the devices 
designated as the first and second devices can be reversed. Further, as with the 
case where data transmitted by computer 104 is monitored by the asynchronous 

10 communications device in both parallel and serial modes of operation, data 
transmitted from the second device for receipt by computer 104 can also be 
monitored in both parallel and serial modes of operation. 

Thus, exemplary embodiments of the present invention can accommodate 
synchronous and asynchronous communications between a first device and a 

IS second device, regardless of whether either or both of the first and second devices 
are configured for a parallel mode of operation or for a serial mode of operation. 
Further, in accordance with exemplary embodiments of the present invention, 
regardless of whether the asynchronous communications device is accommodating 
a parallel data transfer or a serial data transfer, an on-board control means 

20 included within the asynchronous communications device can process any data 
which is being transmitted or received. 

The monitoring and/or processing performed by the on-board controller of 
asynchronous communications device 100 can be specified by the user. For 
example, where the computer 104 is to transfer data to communications device 105 

25 via the asynchronous communications device 100, it may be desirable to compress 
(or decompress) the data before transmission. Alternately, where serial data is 
received by the asynchronous communications device in compressed 
(decompressed) format from the second device, it may be desirable for the on- 
board controller of the asynchronous communications device to decompress 

30 (compress) this data before it is forwarded to the computer 104. 
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In accordance with exemplary embodiments, an on-board controller of the 
asynchronous communications device can provide this compress/ decompress 
functionality. For this purpose, exemplary embodiments of an on-board control 
means included within the asynchronous communications device 100 monitor all 
5 data transfers regardless of their format. 

More particularly, the asynchronous communications device of Figure 1 
includes a means for controlling a transfer of data between the first device and the 
second device. The controlling means is represented in the Figure 1 example as 
an on-board controller 116. Of course, those skilled in the art will appreciate that 

10 the controller of the asynchronous communications device need not be formed on 
a single chip with other components of the asynchronous communications device, 
but rather can be formed with one or more components of the asynchronous 
communications device in one or more chips. 

In accordance with exemplary embodiments, the on-board controller 

15 controls a transfer of data between the first device and the second device by 
selectively converting data of parallel format into data of serial format, and by 
converting data of serial format into data of parallel format. For example, as 
described previously, when computer 104 is in a parallel mode, parallel data from 
the internal bus of the computer 104 can be directly output to the communications 

20 device or, alternately, can be supplied to the on-board controller for monitoring 
and/or further processing. Afterwards, the parallel data output from the on-board 
controller can be supplied to the communications device 105 via parallel signal 
lines 117. Alternately, with appropriate interfacing, the parallel data can be 
serialized within the asynchronous communications element after being processed 

25 by the on-board controller 1 16, and then supplied to communications device 105 
in a serial format. 

Further, when computer 104 is in a parallel mode, data received by the 
computer 104 from communications device 105 via the serial input 110 can be 
parallelized and then supplied to the databus 106. Alternately, the serial data 
30 received can be parallelized and then monitored and/or further processed by the 
on-board controller before being forwarded to databus 106. Of course, parallel 
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data received from the communications device 105 can also be monitored and/or 
processed by the asynchronous communications element and then sent to the 
computer 104. 

Where the computer 104 is in a serial mode of operation, data from the 
5 second device can be supplied directly to the communications port of computer 
104. Alternately, the data can be supplied via the serial input 110 of the 
asynchronous communications device, wherein it can be parallelized for monitoring 
and/or further processing by the on-board controller. Alternately, parallel data 
from the communications device 105 can be received by the on-board controller 
116 via the parallel signal lines 117. Afterwards, the output from the on-board 
controller can be serialized and forwarded via serial output 112 to the 
communications port 107 of computer 104. 

Similarly, with appropriate interfacing, data transmitted by computer 104 
in a serial mode can be supplied directly via the serial output of the 
communications port to the communications device 105, or it can be parallelized 
within the asynchronous communications device for input to the on-board 
controller. After being monitored and/or further processed by the on-board 
controller, the data can be serialized and supplied via output 112 to 
communications device 105, or alternately, can be supplied directly from the on- 
board controller to the communications device 105 via the parallel signal lines 117. 

Thus, in accordance with exemplary embodiments, all data transmitted by 
computer 104 or received from the second device can be selectively converted to 
a parallel format for monitoring and/or processing by the on-board controller. For 
this purpose, the on-board controller includes a controller input 118 for receiving 
data from one of the first device and the second device. For example, the on- 
board controller receives data which is being transferred by the computer 104 via 
the da tabus 106 or via the serial output of communications port 107. In alternate 
embodiments, with appropriate interfacing, the on-board controller can also receive 
serial data from the communications device 105 via controller input 118. The 
serial data can be parallelized and then sent to the computer 104 via the controller 
input 1 18 and the controller 116. In addition to controller input 1 18, the controller 
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includes a controller output 120 for transferring data to the other of the first and 
the second device after it has been monitored and/or processed by the on-board 
controller. 

Those skilled in the art will appreciate that exemplary embodiments of an 
5 asynchronous communications device in accordance with the present invention, 
such as that illustrated in Figure 1, can therefore provide asynchronous data 
transfer regardless of whether data is transferred in a serial format or a parallel 
format. Further, the on-board controller of the asynchronous communications 
device can be used to implement additional functionality associated with 
10 monitoring and/or further processing any or all data transferred through the 
asynchronous communications device, regardless of whether the data is received 
by the asynchronous communication device in a parallel format or in a serial 
format* 

The ability to process data, regardless of whether it is received in a serial 

15 format or in a parallel format, avoids any need to reconfigure the internal structure 
of the asynchronous communications device to accommodate a parallel mode of 
operation or a serial mode of operation. Further, there is no need to develop 
separate software control for parallel and serial modes of operation, respectively. 
Rather, external devices need merely be connected to the appropriate inputs of the 

20 asynchronous communications device to achieve desired data transfer. 

To exploit functionality of the on-board controller without affecting 
interrupt overhead of the on-board controller, exemplary embodiments further 
include means for buffering data for at least one of receipt by the on-board 
controller and transmission by the on-board controller. That is, any data to be 

25 monitored and/or processed by the on-board controller is buffered via at least one 
of a receive FIFO 126 of the controller input and a send FIFO 128 of the 
controller output. The buffers can store any number of data transfers and, in an 
exemplary embodiment, each store four bytes of data. These buffers can, in an 
exemplary embodiment, be configured and monitored by the on-board controller. 

30 As a result, the number of interrupts necessary to process data by the on-board 
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controller can be significantly reduced to thereby enhance overall system 
throughput. 

For example, where data supplied from computer 104 is to be compressed 
by the asynchronous communications device before being sent to a communications 
5 path connected with an output of the asynchronous communications device, the 
data can be parallelized, if necessary and then buffered in the receive FIFO 126. 
When all data associated with a given data transfer has been buffered, or when the 
receive FIFO is full, a single interrupt can be generated to the on-board controller 
so that all such data can be compressed at once. After monitoring and/or 

10 processing, the data can be transferred to the communications device 10S via the 
parallel signal lines 117, or, if appropriate interfacing is provided, can be sent via 
the serial output 112. 

Where data has been processed by the on-board controller, a single 
interrupt of the on-board controller will result in the processed data being buffered 

15 in the send FIFO 128. The use of the send FIFO avoids the need for the on-board 
controller to monitor the status of any output register associated with, for example, 
serializing of the processed data, and therefore reduces the number of controller 
interrupts associated with outputting data from the on-board controller. Those 
skilled in the art will appreciate that the send FIFO is not used when data has been 

20 sent to the on-board controller 116 from computer 104 for subsequent transfer to 
the communications device 105 via parallel signal lines 1 17. 

Having described exemplary embodiments of the present invention with 
respect to Figure 1 , a more detailed discussion will now be provided of the various 
data paths through the exemplary asynchronous communications device of Figure 

25 1 for both parallel and serial operation modes of computer 104. In accordance 
with exemplary embodiments described herein, it will be presumed that data is 
received from the communications device 105 via parallel signal lines 117 and on- 
board controller 116. Further, it will be presumed that data is sent by computer 
104 via the on-board controller 116 and parallel signal lines 117. However, as 

30 described previously, alternate exemplary embodiments, if configured with 
appropriate interfacing, can send and receive data using serial output 112 and 
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serial input 110, respectively. Thus, the following data paths will be described 
with respect to the exemplary Figure 1 embodiment: 

(1) Transmission of data by first device in a serial mode; 

(2) Receipt of data by first device in serial mode; 

5 (3) Transmission of data by first device in parallel mode; and 

(4) Receipt of data by first device in parallel mode. 

(1) Transmission of data by first device in serial mode 

Data is transferred from the computer 104 during a serial mode of 

10 operation via the serial output of communications port 107. With appropriate 
interfacing the serial output from the communications port can be optionally 
supplied directly to the communications device 105. The interfacing would 
be required to ensure that the computer 104 and the communications device 
105 can determine where data is being communicated to and where data is 

IS being communicated from during, for example, half or full duplex 
communication. Such interfacing can, for example, include the use of 
multiplexers and/or dedicated signal lines between the computer 104, the 
asynchronous communications device 100 and the communications device 105. 

20 In accordance with exemplary embodiments, data transferred via the 

serial output of communications port 107 can also be monitored and/or further 
processed by the on-board controller 116. Accordingly, the serial output from 
the communications port is supplied via serial input 1 10 to the asynchronous 
communications device. The serial data supplied from computer 104 is 

25 directed via a multiplexer 130 which, in turn, is connected to the receive shift 
register 122. The receive shift register converts the serial data from the 
computer 104 into parallel data which can be supplied via a multiplexer 134 
to the receive FIFO 126. As mentioned previously, the receive FIFO can be 
used to buffer one or more serial data transfers from the computer 104 so that 

30 only a single interrupt to the on-board controller 116 is necessary for 
supplying the one or more data transfers to the on-board controller. The on- 
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board controller can then perform any desired monitoring and/or co-processing 
of the data, such as compression. 

After the data has been monitored and/or further processed (e.g., 
compressed) by the on-board controller, it can be supplied via signal line 1 17 
5 to the communications device 105. Alternately, the data of one or more data 
transfers can be downloaded from the on-board controller, via a single 
interrupt, to the send FIFO 128. The data buffered in send FIFO 128 can 
then be sequentially serialized via a said shift register 124. Once serialized, 
the data can be supplied to the serial output 112 of the asynchronous 
10 communications element via multiplexers 142 and 140 provided appropriate 
interfacing is provided. 

(2) Receipt of data by first device in serial mode 

To receive data during a serial mode, serial data on the 
communications path (e.g., phone line) can be optionally supplied directly to 
15 the serial input of the communication port 107 of the computer 104 with 
appropriate interfacing. Because, in the exemplary embodiment illustrated on 
Figure 1, a phone line is typically considered a serial data path, a parallel-to- 
serial conversion would be unnecessary for input to the serial input of the 
communication port. 

20 However, because the asynchronous communications device 100 

monitors all data transmitted or received by the computer 104 in accordance 
with an exemplary embodiment described herein, the data from the second 
device can also be received by the on-board controller 116 in parallel format 
via parallel signal line 117. Alternately, the data can be supplied from the 

25 second device via the serial input 110 and a multiplexer 130 to the receive 
shift register 122 wherein the serial data is converted into parallel data. The 
parallel data from the receive shift register can then be supplied via 
multiplexer 134 to the receive FIFO 126, wherein data of one or more data 
transactions can be buffered before being processed (e.g., decompressed) by 

30 the on-board controller. 
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After monitoring and/or further processing by the on-board controller, 
the data received from the communications device 105 can be buffered in send 
FIFO 128 before being serialized in send shift register 124. As data is 
sequentially serialized, it can be forwarded to the communications port 107 of 
5 computer 104 via multiplexers 142 and 140. 

Having described the serial mode of operation, a discussion of a 
parallel mode of operation of computer 104 will now be discussed. 

(3) Transmission of data by first device in parallel mode 

10 

In a parallel mode during which data is transmitted from computer 
104, data is supplied by the computer directly to its internal bus. The data 
from the internal bus is forwarded directly to the data bus 106 and into a 
transmitter register 144. From the transmitter register 144, the data is 

15 buffered in a conventional transmit FIFO 146. 

With appropriate interfacing, the buffered data from the transmit FIFO 
146 can then be serialized via a transmitter shift register 148 and supplied to 
serial output 1 12 via multiplexer 140. Alternately, the data buffered in FIFO 
146 can be supplied via multiplexer 134 to the receive FIFO 126 of the on- 

20 board controller. Plural data transfers can be buffered in the receive FIFO 
126 and then downloaded to the on-board controller using a reduced number 
of interrupts (e.g. , a single interrupt if the receive FIFO does not overflow). 
As a result, data transmitted by the computer 104 can be processed by the on- 
board controller (e.g., compressed). 

25 After being monitored and/or processed by the on-board controller 

116, the data can be output from the asynchronous communications device 
directly to the communications device 105 via parallel signal lines 117. 
Alternately, the data can be output from the asynchronous communications 
device via send FIFO 128, send shift register 124, and multiplexers 142 and 

30 140, provided appropriate interfacing (for example, additional communication 
lines) is provided between the computer 104, the asynchronous 
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communications device 100 and the communications device 10S to 
accommodate half or full duplex operation. 



(4) Receipt of data by first device in parallel mode 

5 

The receipt of data by computer 104, when computer 104 is in a 
parallel mode of operation is performed as follows. With appropriate 
interfacing between the computer 104, the asynchronous communications 
device 100 and the communications device 105, serial data can be optionally 

10 supplied directly by the second device via the phone line, the serial input 1 10 
and multiplexer 130 to the receiver shift register 122. Recall that the receiver 
shift register 122 parallelizes the data, with data of one or more transactions 
being buffered in a conventional receive FIFO 150. The one or more data 
transfers buffered in the receive FIFO can then be transferred via a receiver 

15 register 152 directly to the internal bus of the computer 104 via data bus 106. 

Alternately, to provide the capability for the on-board controller to 
monitor and/or further process incoming data, the data can be routed to the 
on-board controller. As a result, the on-board controller can process (e.g., 
20 decompress) any incoming data, if necessary, before it is supplied to the 
computer 104. 

To provide a monitoring and/or processing capability via the on-board 
controller, parallel data from communications device 105 can be supplied via 
parallel signal lines 117 to the on-board controller 116. Alternately, with 
25 appropriate interfacing, data which has been received via the phone line can 
be supplied via multiplexer 130, receive shift register 122 and receive FIFO 
126 to the on-board controller 116 where it can be processed (e.g., 
decompressed). 

Once processed, the data can be output from the on-board controller 
30 to the internal bus of computer 104 via send FIFO 128. Because the computer 
104 is in a parallel mode, the data is supplied from the on-board controller via 
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the send FIFO 128 to the send shift register 124 which converts the parallel 
data output from the on-board controller into serial data. The serial output of 
the send shift register 124 can then be supplied via the multiplexers 142 and 
130 to the receiver shift register 122 which again parallelizes the data. The 
5 parallel output of the receiver shift register 122 can be buffered in receiver 
FIFO 150 and then supplied to the parallel lines of the databus in computer 
104 via receiver register 152 and databus 106. 

Of course, those skilled in the art will appreciate that the present 
invention is not limited to the exemplary embodiments described with respect 

10 to Figure 1, and variations of the Figure 1 embodiment as described 
previously would be readily apparent to those skilled in the art. Further, 
additional variations of the Figure 1 embodiment which have not been set 
forth specifically will be apparent to those skilled in the art. For example, 
when data is to be received by the computer 104 in a parallel mode of 

15 operation, routing of the parallelized data output from the send FIFO 128 can 
be supplied directly to the receiver FIFO 150 through a data path which does 
not include the send shift register 124 and the receive shift register 122. Such 
an alternate path would avoid the parallel-to-serial conversion followed by a 
serial-to-parallel conversion. 

20 Further, those skilled in the art will appreciate that to provide a 

selective bypass of either serial input/output or parallel input/output of data 
between the computer 104 and the communication device 105, appropriate 
interfacing such as interface multiplexers, can be connected to the various 
input/output lines of these devices. As a result, the user can selectively 

25 configure the communications system to eliminate any monitoring and/or 
processing of data by the asynchronous communications device 100. 

In addition, those skilled in the art will appreciate that a direct 
interface between the computer 104 and the on-board controller 116 can be 
provided. For example, a direct interface 160 can be provided such that data 

30 can be transferred between the computer 104 and the on-board controller 
selectively, without requiring that the information be buffered in either the 
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conventional receiver and transmitter FIFOs 150, 146 of a conventional 
universal asynchronous receiver/transmitter communications element, and 
without transmission of the data through the send and receive FIFOs 128, 126 
of the Figure 1 asynchronous communications device. This feature can, for 
5 example, be used by the on-board controller to access registers connected to 
a conventional databus of the universal asynchronous receiver/transmitter in 
Figure 1 (e.g., during initialization) over the same bus used by the computer 
104 to access these registers. These registers can include conventional 
registers used for data interface, monitoring capability and control. 

10 Arbitration logic is unnecessary in controlling access to these registers in an 
exemplary embodiment; rather when the computer 104 is active, the direct 
UART interface is disabled. 

The foregoing description of exemplary embodiments has focused on 
elements which are directed to inventive features of the present invention, and 

15 other elements which are conventional and known to those skilled in the art 
have not been described in great detail. However, those skilled in the art will 
appreciate that any conventional features of a universal asynchronous 
receiver/ transmitter communications device can be incorporated into an 
asynchronous communications device in accordance with exemplary 

20 embodiments of the present invention. 

For example, a hardware autobaud block 162 can be provided for a 
serial mode of operation to automatically detect and set an incoming band 
rate. Similarly, the asynchronous communications device can include a baud 
generator 164 similar to that described in the Michael patent. Further, control 

25 registers 166 similar to control registers and control logic described with 
respect to the Michael patent can be included to provide conventional 
universal asynchronous receiver/transmitter functions. Further, signal lines 
illustrated and/or described as parallel signal lines or as serial signal lines are 
by way of example only. Those skilled in the art will appreciate that any or 

30 all of the signal lines can be configured as serial, parallel or any combination 
of serial and parallel signal lines. 
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It will be appreciated by those skilled in the art that the present 
invention can be embodied in other specific forms without departing from the 
spirit or essential characteristics thereof. The presently disclosed 
embodiments are therefore considered in all respects to be illustrative and not 
5 restricted. The scope of the invention is indicated by the appended claims 
rather than the foregoing description and all changes that come within the 
meaning and range and equivalence thereof are intended to be embraced 
therein. 
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WHAT IS CLAIMED IS: 

1. Apparatus for transferring data between a first device and a 
second device comprising: 

a first input for receiving data from at least one of said first device and 
5 said second device; 

a first output for transferring data received via the first input to the 
other of said first device and said second device; 

means for controlling a transfer of data between said first device and 
said second device, said means for controlling further including: 
10 a controller input for receiving data from one of said first 

device and said second device; 

a controller output for transferring data to the other of said first 
device and said second device; and 

means for buffering data for at least one of receipt by 
15 said controller input and transfer from said controller output. 

a m i: *~ -i _ : i i j n * j _ • 

further includes: 

a computer having a databus for parallel transfer of data to said first 

20 input. 

3. Apparatus according to claim 1, wherein said first device 
further includes: 

a computer having a communications port for serial transfer of data to 
25 said first input. 

4. Apparatus according to claim 1, wherein said first device 
further includes: 

a computer having a databus for parallel receipt of data from said first 

30 output. 
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5. Apparatus according to claim 1, wherein said first device 
further includes: 

a computer having a communications port for serial receipt of data 
from said first output. 

5 

6. Apparatus according to claim 1, wherein said controlling means 
monitors data transfers between said first device and said second device. 

7. Apparatus according to claim 1 , wherein said controlling means 
10 processes data transferred between said first device and said second device. 

8. Apparatus according to claim 7, wherein said controlling means 
compresses and decompresses data transferred between said first device and 
said second device. 

15 

9. Apparatus according to claim 1, wherein said data buffering 
means further includes: 

at least one first-in first-out memory. 

20 10. Apparatus according to claim 9, wherein said data buffering 

means further incudes: 

a first FIFO for buffering data input to said controlling means; and 
a second FIFO for buffering data processed by said controlling means 
prior to transfer of said data from said controlling means to at least one of 
25 said first device and said second device. 

11. Apparatus for transferring data between a first device and a 
second device, the first device being operable in both a serial mode and a 
parallel mode, said apparatus comprising: 
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a first input for selectively receiving data in at least one of a serial 
format and a parallel format from at least one of said first device and said 
second device; 

a first output for transferring data received via said first input to the 
5 other of said first device and said second device, said data being transferred 
in at least one of said serial format and said parallel format; and 

means for controlling a transfer of said data between said first device 
and said second device by selectively converting data of said parallel format 
into data of said serial format and by converting data of said serial format into 
10 data of said parallel format, said controlling means further including: 
a controller input for receiving data from said first 
device during a serial mode of operation and during a parallel 
mode of operation; and 

a controller output for transferring data to said first 
15 device during said serial mode of operation and during said 

parallel mode of operation* 

12. Apparatus according to claim 11, wherein said first device 
further includes: 

20 a computer having a databus for parallel transfer of data to said first 

input, said second device being connected to said first output for serial 
transfer of data between said first output and said second device. 



13. Apparatus according to claim 11, wherein said first input is 
25 connected for serial transfer of data from said second device, said first output 
being connected for parallel transfer of data to said first device. 



14. Apparatus according to claim 11, wherein said controlling 
means further includes: 
30 means for buffering data for at least one of receipt by said controller 

input and transfer from said controller output. 
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15. A method for transferring data between a first device and a 
second device comprising the steps of: 

receiving data from at least one of said first device and said second 

device; 

5 transferring data received to the other of said first device and said 

second device; and 

controlling a transfer of data between said first device and said second 
device, said means for controlling further including: 

receiving data from one of said first device and said second 
10 device; and 

transferring data to the other of said first device and said 
second device; and 

buffering data for at least one of receipt by said 
controller input and transfer from said controller output. 



15 



16. A method according to claim 15, further including a step of: 
receiving parallel data from at least one of said first device and said 
second device. 



20 17. A method according to claim 15, further including a step of: 

receiving serial data from at least one of said first device and said 
second device. 

18. A method for transferring data between a first device and a 
25 second device, the first device being operable in both a serial mode and a 
parallel mode, comprising the steps of: 

selectively receiving data in at least one of a serial format and a 
parallel format from at least one of said first device and said second device; 
transferring data received to the other of said first device and said 
30 second device, said data being transferred in at least one of said serial format 
and said parallel format; and 
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controlling a transfer of said data between said first device and said 
second device by selectively converting data of said parallel format into data 
of said serial format and by converting data of said serial format into data of 
said parallel format, said step of controlling further including: 
5 receiving data from said first device during a serial 

mode of operation and during a parallel mode of operation; and 
transferring data to first device during said serial mode 
of operation and during said parallel mode of operation. 

10 19. A method according to claim 18, further including a step of: 

receiving parallel data from at least one of said first device and said 
second device. 



IS 



20. A method according to claim 18, further including a step of: 
receiving serial data from at least one of said first device and said 
second device. 
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